
. GPO PRICE S 

CFSTI PRICE(S) S 

4 

Microfiche (MF) 15-0 
ff 653 Jukv 85 

-I 

~ 

CYANIC A C I D  SYNTHESIS IN A FLUIDIZED EED REACTOR 

i 

I 

' /  

/' / r  

,, //' 

/i' 
NATIONAL AERONAUTICS AND SPACE ADK!XISTFMTION I--" 

,/-- 
,.,* . 

WA SHI NGTOM J=1963< 



- - .  
e 

' I  

i 
j 

i 1 

stry ) 
September 1936 isme 
pages 29-33 

#. Nakagawa 
D. sc. 
Osaka University 
Facurty of *itoec 

lt is only f a i r l y  recclttly tha t  cyanic acids along with acetylenes 
e thylem,  carbonronoride, and other chemicals. h.s became m iapartaat 
raw material in t he  organic synthetic chaaical industry. Ihis has been 
due mainly t o  the increaae i n  demmsd f o r  cyanic acid resu l t ing  fram t h e  
creation of polye+rylni t r i l  type synthet ic  fibers knom under such 
mmts as orlons viaion-N, and cheau~trand. 

Cyenic acid waa h i the r to  m d e  by the  C a s t n e r  method &ere 
sodium cyanide, m a l e  fraa metallic sodhet, chsrcoal, anti m n i a t  was 
decamposed su l fu r i c  acid. S n c e  t h i s  is a relativelty cos t ly  awthods 
an e f f o r t  was d e  i n  u lwlBber of countries t o  discover a less expensive 
means of manufacturing cyanic acid. 
a polyacry ln i t r i l  synthetic fibcs industry in Japan. research on cyanic 
acid production. not dependent on sodium cyanide, has been undertaken 
in various laborator ies t  and some of the results are knbM t o  have been 
already put in to  indus t r ia l  practice. 

In  rcspome to the  development of 

1. Direct Method of Cyanic Acid Synthes is  

%e study of cyanic ucid synthesis is not new and a number of 
patents  can be f d  on t h e  subject. 
synthesis caa be generally c l u s i f i e d  into those which d i r ec t ly  synthe- 
size t h e  acid from raw materfals  and those which ind i r ec t ly  inmlve  a 
cyanide in t h e i r  process. 
production, t he  former d i r e c t  process should be our goal. ibpoqg t h e  
d i r e c t  methods of cyanic acid synthesis sofar proposed are (1) the 
Andrussow method. (2) the  formamide methods and (3) t he  methane-Qosonia 
method- Andrussow's method uses =thanet amoniat  and oxygen or air 
w i t h  a Pt or Pt-W sc em catalyst, and it depends on the  

The Bethods of cyanic acid 

From the standpeint of econoppic large scale 

exothermat reaction: 15 
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Since t h i s  reaction is s i m i l a r  to that  for  synthesizing nitr ic acid by 
t h e  oxidation of m n i a .  its industrial application would seem feasible.  
and actual ly  t h i s  proc 
d e t a i l s  are not known. 497 Catalysts camposed of platin- type metals 
are knout t o  wear excessively at hi@ temperatures in a carbon-containing 
atoosphere. md auch research is going on in order to  improve t h i s  
s i tuat ion.  including the use of alumina-bmed Pt catalystsa(3)  In 
Japans the  Eoei Ugyo Ki[ (mi Industrial  Coat Ltda) cozutntctad a 
sodium cyanide plant  at Y a i t u  in Shizuoka Prefecture in 1944 based on 
t h i s  remtioa, but the plant never went into operation. Recently, 
Prof. Suraki of the  Y a g a t a  College made deta i led  8tudies of this 
p r o c c s s ~  and he reports f a i r l y  succersful r e s u l t s  with experimentation 
on a p i l o t  plant  *dea(4) 

has been industr ia l ized in  the  USA although 

2Be f o N i d e  method is amethod which was original ly  studied by 
W. Rep* and other8. and it consists f i r s t  of synthes izhg  aethyl  
formate f r e a  metharm1 and carbon momxide under pres~~~re.  ustng Isodium 
methylate or s i m i l a r  ca ta lys t s ,  then react ing this aethyl  f e rna te  with 
mmaonia t o  form formamide and Pethano19 t h i s  methanol king recovared 
and t h e  fozuamide dehydrated to yield cyanic acida(5) 

CR30H + CO + HCBOCH3 

+ m3 %co)IRz + C H 3 a  

Elcorn* + Bcw +€$o 

Although t h i s  react ion wrst take place under pressure and 
although the process has several s tepsr  it has a great advantage over 
t he  other methods in that Elcw of f a i r l y  high concentration cm be 
obtained in the  f i n a l  s tage  of the pfocessa On the  other hand, since 
formcrPtide deemposts r e l a t ive ly  eas i ly  into carbon m m x i d e  .ad . B P O P ~ ~ W  
t h e  dehydration process must be undertaken under r i  id ly  controlled 
conditions and with a properly selected catalyst.(6 '5 

If pure carbon ropoxide k c w  lore eas i ly  avai lable  with the 
popularization of the carbide closed furnace QC through some other 
 development^ t h i s  rs thad of cyanic acid synthesis could kcaw much 
more important indrutr ia l ly .  At present, the Yokohra Plant of the  
Nitto Qemical Coepany uses  t h i s  method in Japan. 

'Iha t h i rd  m e t h a n e - m n i a  Bethod has also been investigated for 
many years (7) and it is based on the  following endothermic reaction, 

CH4 + NE3 - HCN + 3% - 64 kcal 
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where the react ion products are RCN and hydrogen gas. 
t h i s  method are t h a t  the carrcurtrations of HCN and hydrogen in the  
reac t ion  product gas are f a i r l y  hi@, and since there  are no water- 
soluble gues such as cuben dioxide in the product gas. the separation 
of HCN is f a i r l y  simple. 
oxygea, su f f i c i en t  to maintain self-combustion, is added to t h e  methane- 
gppoaia  mixture^ a d  in which the  heat fron t h i s  combustion is 
u t i l i z e d  in the  edothesmic E N  synthesfs reaction so that LIO c8taLyrt 
is rrquired.(8) 
considered to  be rwthod intermediate between the f i r s t  .ad t h i rd  
processes. 

The merits of 

Recently a aethod has been reported in aicb 

lhis process seems quite int t res t ing,  and it cm be 

2. Study of Cyanic Acid Synthesis wi th  a Fluidized Red Reactor 

Although t h e  mthane-mmrmia process has the adWrrtage.8 leotioned 
above, it also has its problems such as t h a t  of proper materials fac t h e  
r e u c t i a i  tube gLd thcrPlal ~CODOIJS resu l t ing  f rop  the  htgh reaction 
teaperature inwolPad. 
tion of methane md w n i a  at the wall of the  react ion ch-ber or at 
the  surface of the catalyst due to the high temperatures involved, or 
Of decomposition by c a t a l y t i c  c rackiwr  t h a t  is, 

There is also the  problem of t h e r u l  decqposl- 

c + 2% 

and t h e  adsorption of carbon, resu l t ing  from t h e  decomposition of t h e  
methane, on t he  surface of the catalyst is lurcrwrr t o  Signif icant ly  reduce 
the a c t i v i t y  of the latter. 
process generally allow a hfgh rate of gas flow and the  us@ of a 
ca t a lys t  with reduced activity in order to minimize r t h -  decampclition, 
an exmple of such a ca t a lys t  being sintered alumina par t ic les .  Under 
such c i r ~ t a n c e s ,  temperatures u high as 1000° to  1300% are required 
to obtain a reasonable y i e ld  of RCL With these problems in mind, t h e  
author and his collaborators investigated ca t a lys t s  su i tab le  f a r  t h i s  
reaction vith t he  purpose8 of (i) reducing the react ion temperature 
without ascr i f ic ing  cyanic acid yield,  (ii) avoiding ride reactions by 
means of improving catalytic efficiency, and (iii) finding a catalyst 
with low attrition. 

&my of the  patents  taken Out o ~ l  this 

Wa first oonducted experiments with a fixed ca ta lys t  bed reactor, 
and investigated the  c h a r a c t a i r t i c a  Of ca ta lys t s  by measuring the  time 
var ia t ion  of cyanic acid y ie ld  and the rate of decarposition of mn€a.(’) 
Experimental conditions were: reaction temperature 1050°C, aethane gas 
flow 200 cc/min, m n i a  flow 100 cc/min, the methane gas being crude 
methane (natural gas) from the town of Mohara in Chiba Prefecture. 

The ca t a lys t s  tes ted  were alumina and alumina-silica, and t h e  
r e s u l t s  showed that nei ther  was su i tab le  becase of severe loss of 
c a t a l y t i c  a c t i v i t y  and also l ack  of durabili ty.  In Figures 1 and 2 are 
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shown typica l  experimental r e su l t s  vi th  aluaina and alumina-silica used 
respectively. 
pumping of air  through the  react ion chamber i n  order to burn out the  
carbon deposit. It should be noted in these r e s u l t s  t h a t  the  decrease 
in ECN y ie ld  is usually accompanied by a rapid increase in the rate of 
caaonia decorposition. Por the alumina-silica ca ta lys t  (silica 7.5 - 10 
mol%), the  ac t iv i ty  is very high for an hour or more, but it gradually 
decl ines  w i t h  proloaged reaction time. 
this loss of a c t i v i t y  was due to 8 solid phase react ion between the  
aluaina snd t h e  s i l i c a  occurring a t  high temperaturess we next turned 
OUT attention to an alumina-thoria type of catdyst  which uas expected 
not to  have my objectionable s o l i d  phase rertioa, 
synthesis with m 8hrmina-thoria ca ta lys t  are &owr in Figure 3, and 
they are quite sa t i s fac tory  from the standpoint of ca ta ly t i c  ac t iv i ty  
and durabil ity. 

2he term "air-burning" in the  diagrams s ign i f i e s  the  

Since it was discovered th8 t  

Ihe r e s u l t s  of BCN 

E N  yield 

z 

- 
f 

(1) m E i 8  
decampsition 
rate 

Iigurc 1. Alumina ca ta lys t  
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Figure 3. Alumina-thoria 
catalyst 

kgmd:  

(1) HCN y ie ld  
(2) Ammonia decolqporition 
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Figure 4. 
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As already mentioned. the react ion for synthesis of cyaaic ac id  
from methane rad m n i a  is st rongly endothermic with 64 kcal required 
per mol, and one ia confronted with the ser ious problem of how a la rge  
amount of heat is t o  be supplied t o  the  react ion in the  case of a 
physical ly  large plant. 
f lu id ized  c a t a p t  bed type reactor  since in ouch a type of reactor, the  
temperature d i 8 t r i b t i o n  in t he  react ion chrber is known t o  be f a i r l y  
uniform and heat  conduction is a180 good. 

Ue therefore turned our a t t en t ion  to  a 

Wau in a f luidized bed reastor,  t h e  ca t a lys t  p a r t i c l e s  c o l l i d e  
with eush othcr larul the  walls of the reac t ion  chimber 80 t h a t  unless the  
pa r t i c l e8  cam withstand abrasion, t h u e  w i l l  be sca t t e r ing  loss of the  
p a r t i c l e s  as w e l l  as other types of trouble. 
linear velocity of t h e  gas in the  reaction tube, the ca ta lys t  p a r t i c l e s  
wrst be of a c e r t a i n  range of s i z e s  i n  order to maintain the f lu id ized  
state in the  reactor bed. It is therefore  necessary t h a t  the  ca t a lys t  
p a r t i c l e s  do not break up i n t o  finer p a r t i c l e s  when heated up to t h e  
reaction temperature. 

Also, dqscoding on the 

Ccmsidcring i ndus t r i a l  application as vel1 as the  sa t i s f ac t ion  
of t he  above mentidnrd requirements, t h e  a t t h o r s  inve8tigated the  
techniques f o r  mamfacturing alumina-thoria c a t d y a t .  (10) 
saterial was hydrated durina (Al 0 .3H20), an intermediate product in 
alumimam refining, 

o ~ r  raw 

this was p M e s s ~ d  in the follouirtg mamert 

Dissolve 3 f i l ter  + sodium aluminate j hydroxide 

siptar + hot air dry += gel + f i l t e r  
* 

In other  words, almina hydrate is dissolved i n  caus t ic  soda, t he  solidr 
are f i l t e r e d  out, and the f i l t r a t e  containing pure mdiimi aluminate is 
hydrolized with a d i l u t e  HC1 m l u t i o n  containing thorium ni t ra te .  %e 
hydroxides of aluminum and thorium are both precipi ta ted,  filtered, and 
hot  air dried. 
a very dense semi-transparent cake of the  hydroxides is obtained. By 
s in t e r ing  this for one hour a t  u)ooC in a muffle furnace, the precipi-  
tate loses i t a  ge l l i na  property. a d  it can thu r  be e a s i l y  wrahed. 
washing, tha ca ta lys t  generally breaks up into f ine smd-lib grains, 
but the particle8 opportuncly turns out to be 30 t o  100 #8h Size in 
general which is exact ly  the grain s ize  sui ted t o  the  present purpose. 
Also since t h i s  d i s in tegra t ion  in s i ze  occurred through natural  f rac tur ing  
during washing, these small p a r t i c l e s  now have the  least s t r a i n ,  and are 
durable to  impact and abrasion. 

With t he  proper conditions for prec ip i ta t ion  and drying, 

Upon 

me eff ic iency of t h i s  catafy8t was f i r s t  tested by means of t he  
fixed ca ta lys t  bed method, aad it was found t ha t  at a react ion tempera- 
t u re  of lOW’C, the  thermal decaepoaitiun of methme was severe and the 
cyanic acid y ie ld  w a s  simultaneously reduced considerably. By lowering 
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t h e  react ion temperature t o  95OoCI the r e s u l t s  .how in Figure 4 wara 
obtainedr t h e  r e s u l t s  s t a t i n g  t h a t  ca t a ly t i c  eff ic iency vat not l o s t  at 
t h i s  lowsr tepiperature. 
tube (fused quartz) shown i n  Figure 5 with t h e  axperitmental conditio- 
being a8 follows: alumina-thoria c r t a l y s t  (tharir 2 -17.) 60-80 rerh 
size, 30 cc; react ion temperature 900OC; methane flow 400 cclnin; and 

58% 

We therefore r m  an experiment w i t h  the  reac t ion  

200 cc/min. AB shown in  Figure 6. t he  average y i e l d  was abart 

. --9Rt ‘C) (3) -_ +* lll-. 

Figure  5. Figure 60 Figure 7. 

tegendt (1) HCfSyield 
( 2 )  Nfl rate of decoaposition 
(3) 4 p c l r a t u r e  

Since we now knew t h a t  an alumina-thoria ca t a lys t  which was 
spec i f i ca l ly  prepared fo r  use in a f luidized bed reactor  re ta ined its 
high a c t i v i t y  a t  lower react ion temperatures. w e  next turned t o  an 
invest igat ion of a simple alumina ca ta lys t ,  not containing thoria, which 
would have bten of more advantage i n  indus t r i a l  application. The alumina 
ca t a lys t  was prepared in t h e  SLIPW manner in Jhich t he  alunfna-thoria 
ca t a lys t  was prepared, t h a t  is by the HC1-hydrolysi8 of 8Odium aluminate. 
Taking SO cc of 30-100 m e ~ h  s i z e  alumina cataly8t  prepared in t h i 8  
nrnMr with a methane flov of 600 cc/min and .IPoni& flow of 200 cc/ain. 
t h e  cyanic acid y ie ld  u a function of reac t ion  teaperaturc  v u  u shorm 
i n  Figure 7, where it can be 
950-980% 
function of time was as shown in Table 1 md Figure 8. 

t ha t  tbere vu) maxiaura yie ld  a t  
At a reac t ion  temperature of 930°C, t he  HCN yield as a 

- 7 -  



- -  
.I 

I -  
I . 

o - o H C W  yield 0 M3 rate of decomposition 
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_ _  
Figure 8. 

Table 1 

Z Z E f o n  mrrarst ga8 
T i r e  RCI yield 
(hr8) (%I) 

(%I 
1 77.0 5. 4 ! S o  8 

5 78.0 3.2 50.7 

11 ?& 2 4.6 50.2 

18 80.8 2.7 49.5 

23 75.8 5.4 48.5 

34 76.7 3.8 49.6 

42 76.3 

48 77.0 

2.5 

1.9 

49.1 

50.2 

54 76.6 6.7 49.8 

66 77.7 3.0 49.8 

7 4  76.6 

85 77.7 

6,4 
5.3 

49.5 

50.3 

90 76.5  3.0 48.9 
103 74.2 3.1 49.2 

107 74.2 5.6 49.2 

It can be readily 8een that the y i e l d  hardly changes even after 100 
hours of reaction t i m e ,  and that the rate of decoaposition of m n i a  
is ale0 very fmal1. In t h i 8  particular experiment, the average HCN 
yield per rrapnia consumed w a s  77%. Ihe quan t i ty  and composition of the 
e&aust gas were also found to be fairly constant. that is, 50 l i t e r s /h r  
with a composition of 27% methane and 65% hydrogen. 
there is very l i t t l e  methane decomposition a t  the catalyst surface, and 
that t h i s  catalyst i o  characteristically e f f i c i a t  in prometing the 
HCW-synthasia react ion. 

This proves that 
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I .  
. 

I . 
Barred on t he  basic experiments j u s t  described, a small scale 

p i i o t  test was carried out. The apparatus for raking the ca t a lys t  con- 
sisted of a luge waden vat  lined with pa ra f f in  srd also a porcelain 
container. 
ordinary city t a p  r r r t a  treated by t h t  eddition of aluminum s u l f a t e  aed 
8odiur alumimte so lu t ion  with t h e  upper clear p u t  being dr8wn off for 
user 
B, and C are the rotametars f a r  glOnia, nath.lur and nitrogen 
respectively,  
D i s  8 t u h l u  electric furruce with s t l i c o n  carbide heating elementsr 
R is a transformer rmd thermostat control,  T 8ad T are thermocouple8 
wi th  the fonnr actuating the thermostat, G 1s the  kN absorption tcFou, 
H is a garameter f a r  r a s u r i n g  t h e  d u r t  of the  exhatst 8-9 I is a 
cooler for the  w a t e r  as& for BCN absorption, and J is a w a t e r  rotaptizter, 
Ihe sheath for  T ad the tube L introducing the gases i n t o  the  rerctian 
chesaber uere of 
seal through t h e  e1.t iron cap M. 
t h e  main carponeats of the apparatus 8re indicited in Table 2. 
electric furnace .ad the uppsr section of the ructirrap tube CUI be seen 
i n  Photograph A. 

Ihe water used fo r  preprring the catalyst coarri8ted of 

A .ketch of t h e  reac t ian  appatatus is sbaa i n  Pigum 9 where AS 

'Ih. nitrogen w m  used to rep18ce 8ir in the reaction tube. 

quartz,  both of these tubes making an air-tight 
ne materials d the diPeasionr of 

2he 

Material Dimeasions Bcurlt. 

Reaction tube Tr-par.llt I.D. 70 II Hot  8cction 
quartz tubs Uall 5 Bp 480 P long 

Length lo00 m 
Cyanic acid COPPU I.D. 115 E Single cup 
absorption 48 stages  "bubble bell* 
tower 100 em apart  type; i ron 

HCN water 
t m k s  200 
1 i ters 
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Photograph No. 1 

Ihe catalyst used in the pilot exprimaat wm prepared in t h e  
same manner as for the basic experiment, and its properties were tested 
with the basic experiment rppuctuo. 

were alw8t identical w i t h  tho- of the b. ic  experiment8 rn can be 
8 e m  from t he  curves ta Figure8 10 .prd 11 f6r the tu0 w e d  rup.ctively. 

Fia both a l~~fM-thOri8  and 
.lWiM CatalySt8. the remalt8 Q b t a b d  in the pilot plant q i - t  

2 

I I I I I I I ,  

30 40 0 10 20 30 (0 50 0 10 20 - hr - hr  

Figure 10. Alumin6-thoria 
catalyst 

Figure 11. Aluaim crSalyat 

For the case of the alumina catalyst, the *light drop in yield noted 8t 
25 to 30 hours I8 due t o  a leak in the q 8 t . 3 1 9  ud the average yield v8s 
colllputed from the data for later than 33 hoar8 of reaction time. 
result8 of the pilot experiment8 are tabulated in Table 3. 

lhe 
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Table 3 

Type of catalyst 

me5h size  

Alumina-thoria A l u m i n a  
( thoria  2 -1%) 
32-100 ~ a . h  32-100 -ah 

quantity 12% CC (1100 8 )  1250 cc (1140 8)  
n o w  velocity 

m n i a  5 l i t t r h i n  5 literlmin 

methane 10 literfmin 10 l i t u / m i a  

Reaction tmrr.krre 930 - + 10°C 930 - + root 
s. v. 720 hr-' 7 20 h r - l  

HCN y ie ld  722 

7.5% 6% rate of 
dd-ri t ion 

HCN yield/NRg cmsumed 90.5% 92. 5I 

s. 1.Y. 208 g /h r / l i t e r  214 g /hr / l i t e r  

€IC# concentration Ca 1 5  v o l Z  Ca 15 -1% 

In t h e  method of d i r ec t ly  synthesizing cyanic acid f r o m  the  raw 
materials methane and amonfa, the d i f f i c u l t i e s  included are the high 
react ion temperature, the  r e su l t i ng  thermal decomposition of methane 
and rap id  loss of ca ta lys t  ac t iv i ty ,  and the  problem of supplying ade- 
quate heat to the tone of endothermic reaction. The f luidized bed 
reactor method using 8 ca ta lys t  prepared according to  the  conditions 
discovered by the  author and h i s  colleguer stems to f a i r l y  adequately 
resolve the  f i r s t  two of t h e  three d i f f i cu l t i e s .  
problem, tha t  is the  problem of whether the diameter of t he  reaction 
tube could be enlarged as f a r  as en economic un i t ,  t h e  problem mainly 
depends on thermal conduction i n  the  f luidized bed reactor,  but it could 
also be strongly influenced by preheating of the  raw material gases, and 
on t h i s  point fur ther  inveatigatioa ia  necessuy. 

Concerning t h e  th i rd  

Since J q a n ' 5  natural gas resources have been recently found to 
be more abundant than previously estimated, and also considering t h e  
c l ea r ly  increasing future  need f o r  cyanic acid, t he  authors f e e l  t ha t  a 
method using methane as a raw material warrants serious attention. 
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